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j 5 7] ABSTRACT 
An electro-optical device including a chiral smectic C 
or H liquid crystal disposed between flat plates treated 
to enforce molecular orientation parallel to the plates. 
The plates arc spaced by a distance sufficiently ^small to 
ensure unwinding of the helix typical in a bulk of the 
matenal to form two stable sutes of the orientation 
Held The liquid crystal is switched between two stable 


states by reversing the polarity of an externally applied 
electric field to make a bistable light valve or other 
electro-optical devices. 


24 Claim*, 2 Drawing Figure* 
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1 ' - i'g^P^g^j^ia 1. The spiralling cancels the macro- 

"rt- MmP'C *• "J r , . rnrr«tx -nds to microscopic 

B.CKOROUNOOPTHH.NVBNT.ON ;.^^ttjS rf « 
Liquid crystals hnve found use in . variety of electro^ .^ggfc^ Note tha 7the cone forms an angle *o with its 
opikl applications, in particular those «is. Unit vector, (ft) 106 through rep- 
nact energy efT.cient. voltage-controlled light /"^J&si t lhr*verage alignment of the long axes of the 
K as watch and calculator d »P ,a ^^^S^StJel In each of (he layers As can be seen the 
arc based on dielectric alignment effects ,n ^ l §S^fe^V vector 106 onto the plane represented by 
cholestenc. and smectic phases ,n * of drawing is a line normal to the plane of 

the dielectnc «n,so«ro r> . the average molecu ar long .^ n j ^ ^ Uycn fh 

a „s takes , P a preferred orientation ma. appl cd I dec I«y«J » ,w g f hc molccul „ spira l. Thus, the unU 

„k field Since .he coupling of an .applied electnc Md age u ^ ^° " ° . an azimu(ha , anglc indicated 
bv th.s mechanism ,s rather weak, the electro-optical vectors spiral tnrougn n2 
r ^,nse „mc f-v these dev.ee, ,s too ^ for many mFiai lwr ^ccn vector 

...cn, h , e . -^^ 0 ^ta^ 

„„ iq ur characterises including low voltage and 

p. mc, operaifn making them perhaps the most promts- 20 total spiral from ve-tor 10« to vec or 

«he non enms-ve clectro-optic display candidates. the average unit vector */ cr 
t£ 1 rrsrx.nsc and insufficient non-linearity tn c i aie d with unit vector 106 is parallel with the avcri »g 
CP" has c Ecn* , "cri o«s limitations The lack of unit vector A of molecules in the layer assoc.; .ted wuh 
^ nu-s e^c-allv important ,n proponion to the ^ uni » vector 130. The distance between the lay h jving 
LT< [ elements thai have to be addressed in a dc- " uni , vec(or 106 and the layer having unit vector 130 » 
, le«; tr.ncreasing.v impractical production rcfcrrcd t0 M thc pitch of .he helix formed by molecules 
com. Tor flat-panel displays with potential use in com- jn , dircct ion perpendicular to the layers. In each aver 
puter terminals, oscilloscope*, radar and T V. screens , ; thc fcrroe |ectric polarization f ,s norm.! to ft and lying 

IMG ' is » schematic of a chiral smectic C or H hquid^~^|j n lnc | a yer plane, 
crystal Crystal 100 is comprised of layers 102 of molev^^j^ d j $tO rt5 o0 and unwinding of the spiral by an 
culcs W.thin each laver 102. thc average orientation of ^ Bpplied dectric field, similar to that observed in chiral 
the long axes, denoted by thc unit vector n, is tilted at an ncma , icSt has been demonstrated See Meyer ct a!, op 
ancle to the layer normal Meyer et al. in an article ..:.^ k and Martinot-Lcgardc. ••Observation of Ferroelev- 
en.itled "Ferroelectric l iquid Crystals" in U ^™ Monodomains in the Chiral Smectic C Liquid 

</,• rhvuqut Volume 3ft (March. 197*. PP . L-69 to L-71) V?' Cryil uW\ u Journal de Physique Colloq. Volume 37 
show' that smectic C or H liquid crystals made of opu- (t9?6 C 3-129 through C3-132). Martinot-Lcgardc. 
calls acme molecules (chiral smectic C or H liquid » Dircct Electrical Measurement of the Primitive Polar 
crystals) would, in gcncral^bc ferroelectric, possessing iaiion c f a Fcrroelcctrics Chiral Smectic C Liquid 
an electric dipole density. P. which is perpendicular to Crysta j- t Le Journal de Physique. Volume 38 (January, 
trv molecular tilt direction, n. and parallel to the smec- 40 ^ • L J? {;>rough L . 19)> and Takezoe ct al "Birc- 
ti. laver planes Their demonstration also applies to the fri ' nce j n tne c m A Phase and the Disappearance of 
Mnectic H phase, which is close in structure to the smec- Hc ,f coidal Structu.c in thc Sm C Phase Caused by an 
t,cC. but exhibits a higher viscosity against the reonen- Eicctric Field in DOBAMBC". Japanese Journal of 
ation of ft about an axis normalto the layers. The prcs- A Ued physics. Volume 17. No. 7 (July. 1978. P p 
.•ncc of thc electric dipole in these chiral smcctics pro- 45 ,^ 9 _ 122 4) iThc suppression of thc helix in chiral smec- 
vides a much stronger coupling of the molecular onen- , jc c ,i qujd crysta |s by boundary conditions which 
tation to the applied electric field, fc. than is available - molecu|c , ^ (he boundary to be parallel to 

via thc dielectric anisotropy Furthermore, the coupling m ^ ^ ^ partlcu , ar d)rect j on has also been 

,s rx^lar in that thc preferred orientation of P is par«''fj obscrved . See Brunei et al "Dcfauts dans !e* Smcctiqu« 
to l*so that reversing the polarity of the applied clw ^:^'c Chiraux" >rrW. Vol 3. No. 2-3-4 (1978. pp. 
Held reverses thc preferred orientation of P/m«nmg.^C Cftir.ux , f ^yx. 

that field reversal can be effectively used to "'"^^fe Although thc advantages of ferroelectric liquid crys- 
molccu: inentation. • • . ^ ^^^V»U to oroduce electro-optic effects has been recog- 

Tw o pr ( ,per„es of fcrroclectnc smectic l«q«.d W , ^^J, have P nol demonstrated. See 

tals have .mf^ded the development of convenient : mrth- 55 mzea Liquid Crystals; A Review", 

.-s of exploiting their intrinsic advantages First in "'J*' u Q Vohjme 40 (1977. pp. 33-48. and 
ferroelectric smect.es, the polanzat.on mustlie ^^g^^^* » \ dn The contrary. 

,o the layered planes as ,n FIG 1 but must ^T^gK^^^Si in different countries 

unconstrained Consequently, unlike cnj^f^Jpgl^i^favrtig,^ the response of ferroelec- 
elccncs. the todeclric fields, they have not found 

no, spontaneously form domains <* fa ^-^^^m^S^ T ^WMp<^ than that characteristic of 
of P m the bulk as this requires P^^m^^m^^mi^^uiii crystals. It would thus be 

, „rmal to the layers from layer to layer through the ' sensitive electro-optteal devke. 


m^&m 5. threshold aemitive b such .ha. 
SUMMARY OF THE INVENTION ^ p ^ tpT lkdto titer • particular «^*""™ 
The P r«ent invention is a ferroeiectric liquid ^ «}^^ 2W 
electronical device in which ^ convenient usV In contrast, for 

,he molecular orientation to Crystalline ferroelectric*, operated by considcr- 

cfTectively utilized to provide a fast, J « i^ablv hiiher voltage* the optical anisotropy is very 

dcv.ee. In the present invent.on. ch.ral »n>ectk Cor H ^J^JJ^Sn^l effect can be made operative 
l, qu ,d crystal material is d.sposed between flat plates ^ >^ 

which arc treated to enforce molecular ^^^^^^^^^^ 

allel to the plates but of «" S P"'^ d, ^V^fe niean- 
surf.ee planes. The plate, are sp^by » d «^^« and correspondingly low 

cuntly small to ensure unwinding of the ^^^^.^^rate^ ^ | s compatible with the low 
present inventors have discovered that by e«ptey^g^C^e«^^o^^i n I , ic>tionv Thus. 

5* structure, the liquid cr£t»l °rien^^^ ««* sufT1 

sesscs two stable states. The ^^f^^,,^^ 

switched between the two ^^J^^^JS^^^^Wt^k invention is suitable for large ocale 
ity of an externally applied *clr£lkU. il^^^Sr^iddSig and multiplexing applications, 
bistable light valve or other elec ro-opt.cal dev ces.^ ?%^£^ n L it thus opens up the video dorr.s.n 

DESCRIPTION OF THE DRAW ING 
^§^^^her objects and advantages of the inven- 
tion will become more apparent or more readily appre- 
ciatcd from the following detailed description or the 
presently preferred exemplary embodiment* of the in 
vention taken in conjunction with the accompanying 
drawing, of which; 

FIG. 1 is a schematic illustration of achiral smcctic i 
or H liquid crystal in bulk; and 

FIO, 2 is a schematic, exploded, representation ot an 


coated with a semi-transparent electrically conductive 
layer by which an electric Held Is applied «o.theJjqu»d-^^g| t g E ; t 
crystal The orientation of the molecules changes with .^^faa&j*J& 

,he reversal of the polarity of the electric ™ d " *^ " b^Vo« appirem or more read.ly appre 

,he selection of either of .hetwos(ablest.«pe two 23 tonw, £ detal)cd descriptIon of [n< 


states rKVssesH optical axes of different orientation, and 
reorientation of at least one optical axis is employed to 
alter the intensity of light passing through a polanzer- 
liquid crystal -polarizer assembly. The resultant electro- 
optical device has the following attributes: (1) High 30 
speed The electro-optical response is as much as 1.0UU 

- 

Bistability. The electro-optical response is character- ^tion. ,,, , 

ized by two stable states, either of which may be se-35 ' DESCRIPTION OF THE PREFERRED 
lectcd by an appropriate electric field and either of . EMBODIMENTS 
which is stable in the absence of the field. (3) Thresho d 'T^Lnies an electro-optical device according 

behavior. The change from no switching response to ™ tc ^ , ES^rystal 100 is positioned 
full switching response is made over a very smaH range ^ £ ^^t^^H, or nearly Ha. plates 132 
in the amplitude and duration of the applied field (4) 40 ^7^™"°™^ ayers , 02 are formed perpendic- 
Large electro-optical resi>onse. Thf optical change u -and ^^ P ^"^ Within each layer, the vector 
induced by the electric field corresponds to a rotation . • ^ uiar 10 P'» 1 ^ „. ...i-. of fh . j 

\c% at an angle 

.hrough a 20' to 60' angle of a uniaxial ^^^.-^^^^SSnal of Kiyers 102 
a refractive index and anisotropy An of greater than 0 2. . ^^^^^ )a(cs 132 and 134. which are contig- 
This response is 10 to 100 times larger than o5»Ul 100. are treated to favor a liquid 
able mother bistable ^^^^^^^^S^&rl^i^ at the surface which has 
gray scale. Due to n°"-'« n «« f ^ ™ *^ J^ 0 „ 'an thlaverage orientation of the molecular long axes par- 
range, pulse amplitude and pulse width modulat w. can UK a erag unspecified direction in the 
be used to gam multi-level memory cap.crty. 6) Color .Helto the . mfthod ,' for achi eving this onen- 
control. The sample birefnngence and onenution of the 50 surrace ^piane. se frcaIrnen t 

,wo polarizers can be manipulated to give color f^-^, ;^^ "d, on the smeS C or H compound or 
EitheV of two colors in a transmiss ve or f^^^i^SuWWn. ^example, with the com- 

of operation could be »£~<^ p'-amL 2 methyl buty. 

sample positioned as described above oetween .^g.i^YDOBAMBC) and hexyloxybenzvlidene 

polarizers. With a s.rv^re comisting o^ (HOBACPQ either 

M m P les between two P^^^^^^^^^MmX^L ox.de byer, " 


samples oeiwern .wu l n..-..«.- ! r - ■■ \^^Sm^^^m£la^<ietn tin oxide byers 135 induce this 


vhich are not now fJC^iblejjJ^-.th^^a.^* 
bistable characteristic^bf ;tr^res«i^^m» 


of applications w 

current art. The U-.— — •'iiisisy 

invention is advantageous in situations .r^fMs 
number of individual e !cctr^>^^evitfa«gltl 
graphic or pictorial ptanar|d^lif Bi,sr ™ 
the Jevice obviates th'e.neeH Jgg; 
or other memory to maintain|4ri^mag 
invention may be employed suce^fully^ 
addressed video display. The respon*^ bfOr 
elements is rapid enough to permit the « 


■1 appropriate polymer, such as n-methyl- 
mrop^tneth-O^ysilane (MAP) has also been 
loWduc^ttlMeritation: See'Kahh et al. Pro- 
^l^ifikiB^Sran^" 61"(1973^-'i»p."28t-S). 
*^il6Sv^ay«r» 102 musi be normal or 


rm 


IrtKhlcVM Mfflatcnais: wmcn pv.^— - . 

"^^^rlWd B^^cobllng from either the isotropic or 
ittc^hl^ depending on the cVjrrtpound- The for- 


m.tion of. «nec,ic A phJLwlU, -"^"g^^ 

boundary condition, will PB^-tJ*™™ "g&W^ b " uNI ' 

has layer, norm.l to the bounding l**"**^ completion of a short 
benuntoaroofdrcle*^^ f 

•^Ifli^^^oftntttiort lJt, the domain wall will be stably 
;i"*Mi^hed io that the aample will remain in orientation 138 
StmllarlyTthe tame holds for the opposite polarity field 


IwithloTteflUtion 136. Threshold behavior results be 
%SS^SS£elhe walla become bound, it takes an applied 
force largcf than some critical value to dislodge them 
The sudden application of an electric field aimed at 
causing switching will be followed by the nucleation 
and motion of domain walls The time required for a 


or H phue. this ™ngem«f of faym I. lel^ wVfbe^biy 

For many applications, such as light valves^it U ™r^s 
ther necessary to orient layers 102 so that they are flat ; ^ 
and uniformly normal to some direction parallel tojhe 1 
plates 132 and 134. This can be achieved in several 
ways If the smectic A is formed from a nematic phase, 
the application of a sufficiently large magnetic field 

\mectic A phase, a by an He. trie Held 

having nat layers normal to the n.agnet.c field ' pj^ 8 ^ (hc c|cctnc ficId pulv; mU M he nf sufT,- 

"°A smedc A monodomain can also be fonrief by ^ cicnt duration so that change of onentauon ^ com- 
a P p. y ng » hear strain to the liquid crystal in the smec-- - pleted dunng the pulse This nme w,N d«. a. - 
fic A nhasc near the hi^h end of the smectic A tempera- increasing applied electric field be, sum , f r,< rap.,. 

^rfn;: In th,^. one boundary plate is moved < ^^^S^ m A ^~ ' C 
vcrvgc.tly (so as not (o.nducehomeotropic alignment) ^l**MiV* ,h ck HOBACPC ^mpK- a ' 
relative to the other The layers, in order to minimize 25 Imade^lh clean tin oa.de coated P U.rv a 
Has c strain w?| reorient to lie parallel to the direction ^voltage pulse of durafon r » 5 ^ ^ *f 

^.on ^" method £ especially useful for ^ wi.l switch the liquid crystal or,en«-..on I^M m -s.u 
n!a«ert.sTnd mutures which exhibit no nematic ph^f^^.A.^ A « redu C ed.«hc ^ ... ..... • 

Once the smectic A sample is oriented with layers 102 approached such that alOV.4 M s or * V [ u se .. 
fl^nd normal to pi.,« 132 and 134. cooling to the 30 ^actuate switching The sample 1 rem-m .« hr 
" C or H P uZ leads to the structure indicated in switched State until an above thresh,. Id ■ h 

1 1 O 2 As md.ca.ed m HO. 1. for thick sampMthc opposite polarity .s applied In the d 
in!,' veciT^W^and therefored^les^iral ^^^^ ^ 

not 35 Ate witching. In the case of short. h;ch volia^r pul^ 
the the reorientation response time did not decrease N-I-. » w 
to 1 


about the direction normal to the layers, a result^ 
molecular optical activity. However, this helix d 
form throughout the liquid crystal and still satis! 
boundary condition of having molecules parftt 
plate* 132 and 134 at the surface of the liquid crysf 3 
the liquid crystal is made thinner, such that the dr 
between plates 132 and 134 approaches the helir 
the volume decreases and it costs less energy tor 
the helix in the hulk so that for sufficiently thin S f 
the boundary condition will be satisfied and tW 
suppressed The suppression of the helix is fauna 
the plates arc separated by a distance of less thartj 
order of five times the helix pitch. 

This helix suppression leads to molecular ^ 
136, or the equally stable molecular orientaty 
illustrated in FIG 2. As illustrated. orientatioS 
electnc^dtpolc P up and orientation 136 
dinole P down. Hither orientation can be favof 
application of an electric field to the sample 
a field parallel to the polarization dipole F<T 
tions in the sample will be separated by "dor 
illustrated by dashed lines 144. the stnictur^l 
of which will be determined by the energy Ye 
alter the smectic tilt angle, the layer compr 
crgy f and. most importantly, the surface ei 
directer bend and twist elastic energies In U 
DOBAMBC and HO BACI^ sample^/' 
walls are less than 1 ftm thiclc^^ 
electric field will alter the ori^uUon of , 
the domain wall region to expaJKUh^fas 
tion. > IV. 

Domain walls interac^v 
ture f scratches and t^^^^ 
impurities in the r^k'imdjbni^ 
tions have the effect of rnatntatm 


ipplici? 


As The contrast ratio criticallv dcpcnd^ on «hr .^.miv of 

trice the surface treatment, trie polan/crs cmplnscd an J ihv.r 
Itch, 40 orientation, and on the pulse height and width V> nh ^ 
ind >Ss 10 V pulses, and with unsophisticaicd surface treat 
es, r - ment t a contrast ratio of better than 20 1 was easu\ 
I]X4r"' obtained in laboratory samplev 
Kfei^%^Morc complex surface treatments will enhance bista 
(tit 45 bility. For example, a senes of parallel, redan^ular 
ridges 137 (several fim wide, several M m high, anwi 
llpacetl by several fim) can efTectivclv onent the unit 
-w W #ycctbf' fi at the surface such that the molecular long axes 
^IMfire parallel to the ridges. In the preferred embodiment 
|^ 50 it is advantageous to employ two sets of parallel ridges 
Qhe^il37 f oriented at an angle of 2 with respect to each 
" :^^bther such that in orientation 136. the unit sector is 
^^^^rallel to one set of ridgev and in orientation 138, the 
fs^^nit vector is parallel to the other set In this way. hyste- 
i V ^$iiws exhibited in moving between the two stable oncn- 
ations can be precisely controlled. 
^Alexplained above with respect to FIG. 2. molecular 
[nd ■ pnenUtion 136 is different from molecular orientation 
:1c 13S. This difference may be exploited as the basis of a 
60 light control mechanism as follows. Sample 100 is dis- 
" ^posed between polarizing sheets. In the preferred em- 
t^tircnti ^ olates 132 ind 134 are themselves polarizers. 

rnW^pt<^^ P Utcs 132 and 

334 ^oriented with their easy poUrtzatton axes, PI 

L -^fl iOO/whicli tt Kami having tht plane confining 
^Piaila^^ and m b ori- 

jia ^afoflc of thi optical a*es is parallel to the 


tifei 


with Its poliriratkm lute uncaged and ~^M«gi^P 


SuiTS b ntoc m£l\ng, perp^dictilai foUrm^m^ 1*> and 154 also provide ™"<<* 

o o^uS 138 »hc optical axis of the liquid C^t^,^ ^^ the direction of the field within i any p«rt»cu- 
°,a,eTtc^ke^ can be reversed. By revers ng 

M. "J^«rSS 8 of pta?l3^ and due to the hire- : 10 .WdtfSSiS of the electric field. ^ onenunon of the 
C" of liquid crystal 100. the light will, in g^&M^&tffr P^ular rectangular 
Scome elli P t.c.lly polarited aa it traver** liquid : <W§*&f UdutfSystal 100 can be changed. In th> ^PPj'"*™ 

.„ . ~r .k- r^i.riwr* have to be ^Jid ^.^Lii^/j K-i.«vinr is essential tf voltages 

, «nd 14« are to switch 

l3 v.. .emperature range), if tne ngm oi ^ ^'^^^JSgfi only ■fcw'e^plary embodiments of this 
length X which is polarized along ^Jl *™*™ "Mfei^ihaW been" described in detail above, tho« 
incident normally on crystal 100. then the fraction or ff^^^ art wil | rea dily appreciate that many modi 
the light intensity which is transmitted will H»^: b ^^^fi3nsf*fe possible in the exemplary embodiment 

Hl^thout materially departing from the novel teachings 
f , ,-„!«.. <4*„, «m - and jdvantages of th.s invention. For example, a back 
where d is .he distance between the plate. An is the reflector may be ^^behind plate 134m form, 
principal refractive index difference and F 0 is tne Irac- device operative in 

ects 

■on transmitted by the parallel polaruers alone. For 2J through plate 131 vimple 100. and piate ij* 
Inica 5 SIS £ C or H compound* we have -23* in " off of. the reflector back through these ^ 
whin clS opVimum transmission (F-F 0 ) ^can be^SAc^ordingly. -11 such r.'od.ficatK>ns are inte^ed to 
thieved ftxdl X/2 An. i.e.. for d-1.2 pi* smce#bc' included within the scope of this mvention as defined 


in the following claims 
What is claimed is: 
1 A liquid crystal electro-optical device comprising: 
a quantity of chiral. at least one of smect.c C and 
smectic H. liquid crystal having a plurality of adja- 
cent ly disposed layers each comprised of a r'« ral 

s^' 1 . t t^„l_ V,«.,inn a Inna nil*. 


X/2 An. i.e.. for d*l.2 /im since^ 
An^O 2. Hence only very thin samples are required for ^ 
significant electro-optical effects. This is a useful prop- 
erty since, as a result, the range of angles of incidence 
over which electro-optical effect is operative is large. 

The polarizer -liquid crystal-polarizer geometry may 
a!*n be exploited for more general orientations of the 

polarizer and liquid crystal. Light exiting the first polar- J$ £m Hy of molecules, each molecule having a long axis; 
izer will be polarized -long the direction or its ca^Mi^ » nd conta- 
in passing throuf 
come elliptically 
then select the 
light parallel to 

As is wei' known, wit 

an arrangement, the exiting light will exhibit .birefnn- ^^/-J^ j;^^^ distance between said first and 
gence colors, which may be selected by appropriate ^ V^^^ mc4ns Mng th an the distance at which 

^^Maaid electric field, the strength of said electric field 
%i being sufficient to shift the long axis of molecules in 

• • ' ■ - - - - - " * " : : ™ 


|UIU C - t « JV*^ KV VJl lflUJtv.UH-Jt vwwii ...v, 

rized along the direction of its easy axis. ■Mffim and second means, perpendicular to and cont.gu- 
jgh the liquid crystal this light .will bfr^gggog^ ^ wkJ layers, for aligning the long axes of 
ly polarized. The second polarizer wtfl ^^f^j-gnoiecules adjacent to said first and second 
component of. the elliptically^to^^^^^— „ c| to first and second means, said 
o its easy axis. _ : . ■^:V^^^ 0 '.^^moleculcs of said layers in a bulk of said liquid 

vrith white light inadent "^^^f^^, forming helixes having axes perpendicular 
xiting light will exhibit ^irefnn- ^^ ^' distance between said first and 


ployed as a matrix addressed video display. ' Electrodes 
14H are attached to plate 132 in a uniformly ir^^and 

to electrodes 148. Each of terminals 152 of switch, ISO is *!|^r)>aid secotid orientation upon_apphcation of said 
electrically connected to one. of electn^jljWASiml; " 


larly. each of terminals 13f6rawifch me«M .154 beg^ 
trically connected to ^M^^^^^^^m 

158 of switch j^t£^^^^^sm^m54^m 

connected to OppositeW"- 
S witches 150 ind l54Wfi 
voltage from the' vdltag^i 
trodes 148 and any of eleclrodei^ 
Thus, each of the recttflgwar wi 
tal 100 which lies peTper^^laTly ' 
electrodes 146 and ^i^^^^^^^i^q 
region m liquid cry^jMf^^jJ^J^ 
r*n be controlled to tpptjr i VOiuige 


. taio teco r . . 

icctric field in a direction reversed from the direc- 
^ot »id electric field previously applied; and 
V^s*^jgpij| Ug ht passing through wid liquid 
light pwiring throogh portions of 
1 having said first orienUtion can 
iTrdrn light pttnng through por- 
fgi^stalluying«^te<bn^ 


m chJrilf it^leastjOT^ amectic C and 
[fttk^"ery*bU1& Crystal having 
5 of adjacently dispoaed layers each com- 


prhed of a plurality.^ t - I? — * 
having a long iw^ 
fint and iccofKJmea^pc. r - 7 T7 - 
ous with said layer*, for aligning «axl long 
molecules adjacent to aaid fir* and »ec^ rneanS 
parallel to uid first and aecond mean*.- «ak5 
culea of aaid Uyera in a bulk of aaW IkpiW < 
forming helixe* having a*« perpendtenlaa-^ 
layers, the distance between i aaid first I and 
means being less than the T distance at. "MjJ?* J 
helixes form in the absence of an elects fWdy aaid 
first and second means causing sakl long axes.td 


I layers, eacn compnaea ui ■ ~- 
IMW ,w^feach molecule having a kmg axis; 
^i&bod pfates perpendicular to aaid layert, 
fir* and aecond plate* mcludtng means, con- 
with aaid liquid crystal for aligning the 
molecules adjacent to said aligning 
i parallel (5 «aid plates, aaid molecules of said 
.w^tn 1 !" bulk of aaid liquid crystal forming he- 
.JS^f^'M^'vupendkxiv to said layers, the 
distaK^between aaid first oUte and said second 
^plalie^bmg less than the distance at which said 
helixes form in the absence of an electric field; 



from the direction of said electric field PtWOUSly^^^j^ly^^ in , pon^n -f %a.d layers r<t*ern 
applied, and V - " ^««a^^«trodri from a f.ru .mentation to a second 

means for processing light pacing through sa>d liquid ^oYt#iUtJon upon application <>( sa.d elect nc field in 

crystal so that light — ~^i,,n« nf-JKte& ~ — 


;ni parsing 3W / , H-~.-j^^\ l voflenta«on upon application <,t Mlu <-.^^ . • — 

passing through portions of ; ^^i-f; ; a direction reversed from »he dtrtvtwn of elec 
said liquid crystal having said first orientation c*n|^g^tric : field previously applx-d ami 

..stinguished from light passing throilg>;ppr^^^^^|^^^ n g tight passing thiough wid liquid 
i of said liquid crvstal having said ^Hpr}^^m^^m0>th*t light passing through pon.ons oi 


orient;*!* >n ian 
r 


. iftquiil crYMa! basing said first 
**^g§gbe tf ist inguished f'om hgh: pa>sin* <hn,u^ 

? ' ' tionsofsaid hqum cr\M,il having v-nd ^ <>rM onm 
tatKM). 

9. A liquid crystal cit% tf — -pn, a) dtm c rnpmmg 
~*a quantity pf'chiral at least one of smectic C and 
SmectJC H. liquid crystal has-ng - piu^m* of adia- 


be d 
tions 

tation. . - 

3 A device as m claim 1 or 2 therein said liquid . 
crystal is anv one of the group consisting of decycloxyt- 
benzvlidcnc' p'ammo 2 methyl butyl ctnnamate and 
he*>iox>-bcnz>Iidenc p-amino 2 chloropropvl anna- }5 

male _ 

4 A device as in claim 3 wherein said first and second ^ _ ... , »- - , 

means comprises plates havmg at least one of a 5^^^^?^^ lavc ^ ^ \ d J*** 

a nn ox.de surface contiguous with said liquid cry^^^^^f mo\ccu\^ , module havin, a I. axis 

5 A device as in cla^m 1 or 2 wherein said a^lying^*^^ ^cond plates perpendicular to ^ lavers. 
means comprises first and second dec trodei^rx>sed^^>Jd first and second plates including ^. c^ 
Tacent to said first and second means/ res^ely.#^^?tigiiOUS.wi said bq'iid crvMal. ahgning the 
and means for applying a voltage across said jtrsi Md^^^axbof molecules .decent L > -id angmnj 

TLnvi ^incans parallel to said plates, said molecules of sa>d 

Ta d^cct in claim 1 or 2 wherein: • ; ^^yen I a buIV of said I N u!d crvstal formmg he- 


first direction during said first oricnution and ™ 
second direction during said second onc|iUtion;^ 


and ,-^<^:;^^V^^^^^ 
said first and second means, said applying 
said processing means vompnK^i^l^^^ 
plates having surface means ^ 
liquid crystal for aligning said long-axrf?dQt 
cules adjacent to said surface means paf^dJd ^^^^^^ 
surface means said first plate including means frtr.*«i*JKS 


plate being less than the distance at which ^aid 
* MJirtes form in the absence of an electric Held, 
^itfraiity of first electrodes disrx>sed on one side of 
I^aid liquid crystal parallel to said first and second 
fJptaies; 


►lurility of second electrodes disposed on the other 
leffcf said liquid crystal parallel to said first and 
_iond plates and transverse to said first electrodes, 
^aminriight'in said first direction and said s«v ^^ans for selectively applying a voltage ^ any of 
S o ^including means for polarizing light in a ' said first electrodes and any of said s«ond c ^ 


applying {iTvoltag 
clectrrxJei 
7. A device as Itt^B 
have a pitch and 
second means is jtofliotg, 
9. A liquid Crystal cP ^ 
a quantity Of chiraJ^It| 
smectk: H f Hquid cryS 


(| tl^TOlavityof said voltage, said voltage 
the strength of sak5 electric field b 
Ivalifftthe long axis of molecules in said 
|»y M pfttraiky of portions from a first orienta^ 
"teexmd orientation upon application of 
%|^tnc field in a direction reversed from the 
" said electric field previously applied; 


crytul so that light pas** ^^.P«^#fOT§£S^ffi^ 


said liquid crystal" having said first °^^#^^^^^|feqSl crystal from at leas* one of an 

be distinguished from light p**mg ^^^^g^^^M^c phase* , ______ 


be distinguished from lignt passing inr ^££M-p^ ^ isotropic arid hematic phase* 
tk>ns of Mid liquid crystal having said »e^.^!^^^ 1 ^^j^jecttla of said liquid crystal adjacent 
tation. . ;'',^^^^lS'fitbl»^ 

10. A device as m claim 1, X • ^'^^J"^*^^ free to move between it 

orientation remains after said electric field « f^^^^^Je^^pwtkailar; orientations; and 

11 A device as in claim 1. J *?*™ ^ during said first cooling 
crystal has at least a first optical;*^ .£ ^ C and smectic 

in said first orientation ^M^^^^^mm^^^^^J^ 1 ^^* P er P cnd,CuUr '° *** d fim 

second orientation; and • ; \?T.*^:^.W^r^H^^^^n^SSSo^ jneasisl ••. V;.- 

«id means for processing include* first i«eai«.,fot of making an electronical device 

polarizing light in said first direction and second jjV^^ing «chiral, at least one of smectic C or smectic 
means for polarizing light perpendicular; Jo, .said , ^ ^i^^^ul. molecules in a bulk of said liquid crys- 
fii> t direction, said first and second "vciu^V!^ f^ff^^^ flfst alK | second means for contain- 
meiins being disposed on opposite skies of said <m ]_^Jd liquid crystal, means for applying an electric 

., q „,d crystal, r-.,. : Mfo*k**V^«^W^^"^ 

12 A dev.ee as in claim 1 wherein said applying ^ for jmjcesstng light passing through said liquid crysiai, 
means comprises: s Mid method comprising: 

a Plurality of first electrodes extending in a direction. disposing said first means a distance from said second 

a plurality of second electrodes extending perpen-, : ^/,tt*ia* less than the distance at wh.cn said helixes 
.titular to said direction, said first electrodes being - f& ■ form; ^ , n 

dsposed on a skIc of said liquid crystal opposite 25 ^P**?* «•« ^ ^ from 

I „ — i ,i„-ir.Kics - isotropic and nemattc phases to a smectic A pnase. 

Tr ^ "for Svdy applying a voltage across al,g™?the molecules of said liquid crystal adjacent 

have a pitch and the distance between s,* first and C^^^^^^ ,^ nd J tmd meanv 
Kcond plates is no more than five times said p«ch ##£2^ 

14. A dcv.ee as in claim 8 or 9 wherein said liquid ^m^^, ,, ofuid ;j uid cryMa , from said sn.ee- 
crystal is any one of .he group c^t ng of d^lox- ^ , t q IcaM one of smectic C and 
ybcnzylidene P -ammo 2 methyl butyl c.nnamate and H pha ^. 

hexyloxybenzylidene p'-amino 2 chloropropyl cinna- A j£o^ „ in c u im 19 or 18 wherein sa.d first 

mate , .. _ : • _• . •' coolinK step Is from a nematic phase and said orienting 

15. A device as in claim 14 wherein said .first and ^^^^c $tcp of applying a field parallel to 
second means comprises plates having at least one ot a '.yggfififflfa second means. 

glass surface and a tin oxide surface contiguous wttn %» 2 l: A process as in claim 19 or 18 wherein said orient- 
said liquid crystal. Y mf . $ tcp comprises the step of gently moving said firsi 

16. A device as in claim I. 1 8 or 9 wherein said meaMpan diel toand with rcspec' to said second means 
aligning means includes first ridges extending parallel to ^ 22. A device as in cla*:.: 1 or 2 wherein: 

said first orientation and second ridges extend.rtg paral-, ^ n(jujd CTyiU \ has at least a first optical axis in a 
Id to said second orientation. j /first direction during said first orientation and in a 

17 A process of making an electro-optical device : ( v'second direction during said second orientation; 
including a chiral. at least one of smectic C a^^Jiectjc _ ^ 

H l.qiid crystal, molecules in a bulk of said iW^c^^^pd firlt and second means, said applying means and 
tai f orin ing helixes, first and second means. fof^?« n ^.'^^^ 5 pf62eswrtg means comprise first and second 
inn said liquid crystal, means for applying an ^.electric ^^^plales^wvmg surface means contiguous with said 
field to at least a portion of said liquid crystal •nf^ns^;-J^t,j^^ rj ^ a | for aligning said long axis of molc- 
for nrocessino light passing through said Iiquidjrystal ^^le%sdjacent to said surface means parallel to sa.d 
Lid method comprising: . • ,>V 'U'. . :^mmi0^mf^ nrcf^. said first plate including means for 
alining the molecules of saldjiquid crystaf adjaceni i^i^p^aSg light in a third direction and saMsecond 

suppressing ^J^^^^^^^^^^B^^^^^^^^OfC fint and second elec- 


18. A pro^.™.^?*^ ^ Tint tod iec0ni 

including a chtral. at '^*<gigg ^^ ffieaWfor a^plymg * volt- 

H. liquid c^tal, molec^ 

rein said hqutd 
f first direct km 
» : «tkwi tn Mid 



